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Abstract

Mutation induction is a feasible and established breeding method for crop improvement and genetic diversity creation to intro-
duce new plant cultivars. The present study was aimed at mutagenesis of four chrysanthemum cultivars (‘Homa’, ‘Fariba2’,
‘Arina’, and ‘Delkash’) using ethyl methanesulfonate (EMS) (0, 0.125, 0.25, and 0.5%) as mutagen and leaf disks as explants
to obtain novel variants. In addition, genetic polymorphism among mutants and their parents was detected using inter sim-
ple sequence repeat (ISSR) and inter-retrotransposon amplified polymorphism (IRAP) molecular markers. A total of 2082
plantlets were produced through EMS induced mutagenesis under in vitro conditions and at the end 58 mutants including
28 leaf and 32 flower mutants were analyzed for phenotypic and molecular variation. The explant survival rate decreased by
increasing EMS concentration. A wide range of phenotypic leaf and inflorescence variability was obtained in four studied
chrysanthemum cultivars confirming the efficiency of EMS to create genetic variation and desired mutants. All generated
variants with different inflorescence and leaf shape and color were maintained through cuttings and they expressed same
traits in the next generation. The mutants were different in leaf size and shape, plant height, day to flowering, inflorescence
head size, ray floret color and ray floret size. The used ISSR and IRAP primers could classify chrysanthemum mutants based
on cultivar and somewhat based on used EMS concentration confirming their effectiveness for the discrimination of real
variants that allow their earlier selection and reduction of the mutant population size. The in vitro EMS-induced mutation
can be a promising tool to assist breeding programs for the generation of new chrysanthemum cultivars.

Key message

New chrysanthemum mutants with distinct colors and inflorescence shape were obtained in four chrysanthemum cultivars
using ethyl methanesulfonate (EMS). IRAP and ISSR could successfully classify the EMS-induced mutants and their rela-
tionship with mother plants.
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Introduction

Genetic diversity is a key source for breeding and selection
of superior genotypes to access innovative genetic make-
up and to develop unique and superior cultivars (Clegg
1990). Ornamental chrysanthemum (Chrysanthemum
morifolium Ramat.) is a member of the Asteraceae fam-
ily and is one of the most important commercial cut and
pot flowers cultivated worldwide. In the chrysanthemum
market, there is a continuous demand and necessity for
novel traits, and modern growers are always the applicants
for newly introduced cultivars (Su et al. 2019). Traditional
reproduction and thus creation of diversity by conventional
hybridization methods is not versatile in chrysanthemum
because of high degree of heterozygosity and self-incom-
patibility, as well as parental ploidy differences (Teixeira
da Silva et al. 2013; Teixeira da Silva and Kulus 2014;
Zalewska et al. 2007).

The available gene pools for many ornamental crops
are limited and getting eroded continuously which limits
the generation of desirable recombinants; therefore other
sources of diversity need to be exploited (Shirasawa et al.
2016; Ibrahim et al. 2018). In vitro tissue culture is a rel-
evant and valuable tool for mutagenesis studies to create
novel variants as plant cells are totipotent and can regen-
erate to calli, tissues, organs, and complete plants on a
large scale (Misra and Saema 2016; Dhaliwal et al. 2015;
Wannajindaporn et al. 2016). This strategy can speed up
the breeding programs as the resulted genetic variation
can directly lead to the development of new varieties
(Ahloowalia and Maluszynski 2001). Ornamental plants
are ideal candidates for mutation breeding programs as
their various commercial attributes, including flower traits
(color, size, phenotype, odor, longevity), leaves traits
(shape, dimensions, pigment formation, chimera), growth
pattern (dwarf or trailing), and physiological characteris-
tics (photoperiod response, flowering time, tolerance to
biotic and abiotic stresses) can be improved (Datta 2020).
In this connection, the creation of novel flower colors has
a great significance in the floriculture market as it is the
primary feature with the highest appeal for consumers,
even higher than flower scent (Ibrahim et al. 2018; Datta
and Chakrabarty 2009; Datta 2020). Furthermore, many
commercially important traits can be quickly screened,
assorted, and maintained in mutated lines (Ahloowalia and
Maluszynski 2001; Datta 2020).

Mutational agents including physical (gamma and X
rays, and fast neutrons) and chemical (colchicine, DMS
dimethyl sulfate, DES diethyl sulfate, EMS Ethyl methane-
sulfonate, MNU 1-methyl-1-nitrosourea, and SA Sodium
azide) mutagens are extensively employed for in vitro
mutagenesis purposes. In this regard, chemical mutagens
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have successfully been examined to generate new flower
varieties in a short period of time and with higher eff-
ciency, in particular when rays are not readily available
(Shirasawa et al. 2016; Ibrahim et al. 2018; Begum and
Dasgupta 2010). Among the chemical mutagens used
to develop new cultivars in ornamental plants, EMS has
shown to be very effective as it induces many point muta-
tions in the plant genomes. Besides high levels of gene
mutations, EMS causes low rates of chromosomal aberra-
tions during mutagenesis (Jankowicz-Cieslak et al. 2012;
Luan et al. 2006).

Currently several in vitro studies have recently been per-
formed in chrysanthemum to develop novel variants and
to release new varieties. For example, Latado et al. (2004)
induced mutation in Ingrid cultivar using EMS on imma-
ture floral pedicel explants and obtained 910 putative variant
lines which 48 lines were real mutations (5.2% successful
mutation rate) deviating in petal color. Purente et al. (2020)
used different EMS concentrations to induce phenotypic
variation in C. indicum var. aromaticum and obtained leaf
and stem mutants with different leaf size and plant height
as well as lignin and cellulose content. Stable NaCl-tolerant
chrysanthemum mutant lines were successfully generated
through in vitro mutagenesis using EMS and the novel vari-
ants represented higher antioxidant enzymatic activity than
mother plants under saline condition (Hossain et al. 2006).
Despite successful generation of chrysanthemum mutants,
the cultivars with yellow original flower color have been
considered as stable to mutation by both radio- and chemo-
mutagens and there just few reported color mutants with
different from mother plant (Schum 2003; Miler et al. 2020).
Therefore, efficient mutation of yellow color chrysanthemum
varieties may lead to introduction of mutants with distinct
novel inflorescence shape and color.

Traditionally, chemo- and radio-mutants are screened
based on the phenotypic characteristics; however this
method of selection is tedious and laborious, and the traits
of interest may be affected by environmental conditions (Xi
et al. 2012). Moreover, mutagenesis studies require large
plant populations as mutation is a low-frequency event in
plant cells, and most regenerants are not affected by muta-
genic treatment. This highlight need to maintain the candi-
date regenerated lines until the final selection step of desired
mutants that increase the costs of breeding programs (Akhar
et al. 2016). Today, molecular markers have been effec-
tively used in mutagenesis breeding for accurate detection
of real mutants and for elimination of non-mutated plants in
the early steps of the experiment (Xi et al. 2012). Moreo-
ver, molecular markers can reveal the genetic relationship
between the mutants and original mother plants (Kang et al.
2013).

Inter-retrotransposon amplified polymorphism (IRAP)
is a transposon-based marker with widespread distribution
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in plants genome (Kaki et al. 2020; Kalendar et al. 1999).
IRAP markers has been successfully used for fingerprinting
of plant germplasm, discrimination of genetic variation, and
also for detection of radio-mutants in mutagenesis studies
(Kalendar et al. 1999). Despite the reproducibility and power
of IRAP markers, they have not yet been used to elucidate
genetic relationship of chemo-mutant lines, as mutation
mechanism imposed by radio- and chemo-mutagens (in par-
ticular EMS) is basically different. Inter-simple sequence
repeats (ISSR) markers are 100-3000 bp genomic fragments
located between adjacent, oppositely oriented microsatellite
regions with more advantages over other marker systems like
random amplified polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP), and short sequence
repeat (SSR). This is because ISSRs do not require previous
information of the genome, variable primer length, motif,
and anchor are available, and they are highly polymorphic
and informative (Reddy et al. 2002; Gholami et al. 2021b).
Yellow chrysanthemums are claimed to be the most stable
to mutagens treatments and, there are few mutants inflores-
cence color derived from yellow mother plant. On the other
hand, there is no report on the generation of new mutant var-
iants with novel important traits in chrysanthemum cultivars
cultivated in Iran. Therefore, the present study was framed
for mutagenesis of four chrysanthemum cultivars (‘Homa’,
‘Fariba2’, ‘Arina’, and ‘Delkash’) using ethyl methanesul-
fonate (EMS) (0, 0.125, 0.25, and 0.5%) as mutagen and
leaf disk as explant to obtain novel variants. Furthermore,
we tried to examine applicability of IRAP markers to detect
polymorphism of EMS-induced mutants and their genetic
relationships for the first time. This would be more worth-
while when this marker is used in combination with ISSR
markers as both markers cover different parts of genome.

Materials and methods
Plant material

Terminal cuttings (8—10 cm long) of four well-known Ira-
nian chrysanthemum cultivars (‘Homa’, ‘Fariba2’, ‘Arina’,
and ‘Delkash’) were obtained from the National Institute
of Ornamental Plants (NIOP), Mahallat, Iran. The cul-
tivars were the mid- to late- season garden cultivars with
medium and bushy plant size. The inflorescence color of
mother plants was yellow, red, yellow and yellowish-orange
for ‘Homa’, ‘Fariba2’, ‘Arina’, and ‘Delkash’, respectively.
The shape of inflorescence for Homa’, ‘Fariba2’, ‘Arina’,
and ‘Delkash’ was double-type, anemone-type, mono-type
and double type, respectively. The cuttings were then trans-
ferred to the research greenhouse at the Department of Hor-
ticultural Sciences and Engineering, University of Kurdistan
(35°16' 51.4" N 46°59'46.5" E) for further experimentation.

Explant preparation and sterilization

The rooted cuttings grown under greenhouse condi-
tions (temperature 20-23 °C, RH 65-75% and PAR
700-1200 mol m~2 s™!) were used. Young and healthy
leaves of chrysanthemum cultivars were then collected and
immediately transferred to the lab. For surface sterilization,
leaves were first washed in tap water for 15 min, followed by
dipping in 70% ethanol/water (v/v) for 1 min and twice rins-
ing in double-distilled water. The samples were then dipped
in sodium hypochlorite solution (1% v/v) containing 2-3
droplets of Tween 20 for 12 min and finally rinsed in sterile
distilled water 3—4 times.

Mutagenesis experiment

For the mutation treatment, 1% EMS stock solution)v/v(
was used to prepare 0.125%, 0.25%, and 0.5% (v/v) solu-
tions using 0.1 M phosphate buffer (pH 7.2) which were
then filter-sterilized with a SFCA-PF 0.2 pm filter (Corning,
NY, USA) under aseptic conditions. The leaves were cut
into 1 cm pieces and were wounded using a sterile surgical
blade, and were then immersed in the tested EMS solutions
and sterile distilled water (as control) on a rotary shaker at
60-90 rpm for 60 min. After the mutagenic treatment, all
explants were washed with sterile distilled water 4-5 times.

Embryogenic callus induction, embryo conversion
and shoot development

To induce embryogenesis, the EMS-treated leaf disks were
cultured abaxially on MS medium (Murashige and Skoog
1962) containing 2 mg L™ 2,4-D and 2 mg L~! BAP based
on our previous optimized protocol (Nasri et al. 2018).
All media were prepared using 30 g L™! sucrose, and
the media were solidified with 0.6% agar at pH 5.8 and
were then incubated at 25+ 2 °C in the dark for 30 days,
and the explants were then weekly sub-cultured on fresh
media with the same PGR combinations and concentra-
tions in a Conviron growth chamber (Conviron Ltd., Win-
nipeg, Canada) with a 16/8-h light—dark photoperiod at
photosynthetically active radiation (PAR) of 160 pmol
m~2s~! and 60% RH. After 4-5 weeks of incubation, the
frequency of explant survival and callus formation (%)
from the leaf explants were recorded. In the next step,
the calli with somatic embryos (yellowish and compact
calli differentiated into various stages of embryogenesis)
(Fig. 1B) were cut into 0.5-0.75 cm?® clumps and cultured
on media supplemented with 2 mg L=! BAP and 0.05 mg
L~! NAA for embryo conversion and shoot growth as rec-
ommended by Nasri et al. (2018). Finally, 8-9 weeks after
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200 pm

Fig.1 Callus induction, embryogenesis, and shoot developed from
embryos under EMS treatment in C. morifolium. A Yellowish and
compact embryogenic callus on EMS-treated leaf explants on MS
medium. B Callus differentiated into various stages of embryos on
MS medium supplemented with 2 mg L™ 2-4 D and 2 mg L™! BA,
C Green shoot primordia from conversed embryos on MS medium

EMS treatment, regeneration percentage, the number of
shoot (developed from embryos) per explant (clump with
1 cm length and higher Fig. 1E) and days to the develop-
ment of shoots were recorded.
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supplemented with 2 mg L™! BAP and 0.05 mg L™! NAA, D Shoot
clump developed from embryos, E Shoot multiplication and elonga-
tion after 4—6 weeks, F In vitro raised mutants plantlets, G Rooting
of mutant plantlets on hormone-free half strength MS medium, H, I
Acclimizated in vitro raised chrysanthemum plantlets. (Color figure
online)

Root growth and development and plantlet
acclimization

All plantlets developed from embryogenic calli were
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transferred to hormone-free half strength MS medium for
root growth and development (Fig. 1F). For acclimiza-
tion, the rooted individual plantlets (3 cm length or higher)
(Fig. 1G) were excised from the media and, after washing
agar debris, they were directly planted in the small pots
containing perlite and coco peat (1:1 v/v) covered with
transparent poly bags to inhibit dehydration and desiccation
(Fig. 1H). Acclimization process performed in the research
greenhouse (24/18 °C day/night temperature, 16/8 h light/
dark photoperiod, 60-70% RH and 650-1200 mol m™ s~
PAR). The containers were gradually uncovered during the
next two weeks when plants were well-established in the soil
mixture (Fig. 11). During the next three weeks, well-rooted,
irrigated, and acclimizated chrysanthemum plants were
transferred to the greenhouse and kept under nursery condi-
tions for further growth and flowering. During growing and
flowering in the greenhouse, characteristics including plant
height, inflorescence head type, inflorescence head diameter,
length and width of leaf, days to flowering, number of leaf
mutants, number of flower mutants, and flower mutation rate
(%) were evaluated. The color of the inflorescences were
determined based on the Royal Horticultural Society Color
Chart (RHS 2015).

DNA extraction and molecular marker analyses

All flower mutants (26 lines) with different inflorescence
shapes and ray floret colors along with the mother plant of
each cultivar (4 plants) were selected for molecular analy-
sis. Total genomic DNA was purified from leaf tissue using

the cetyltrimethylammonium bromide (CTAB) method
developed by Doyle and Doyle (1987) with minor modifi-
cations. The quantity and quality of purified DNA samples
were analyzed by both spectrophotometry at 260 nm and
280 nm wavelengths and agarose gel electrophoresis. Five
ISSR (Meyer et al. 1993) and five IRAP primers (Kalendar
et al. 1999) were employed (Table 1) for molecular analy-
sis. PCR reactions carried out in a final volume of 10 pL,
comprising 20 ng template DNA, 200 uM dNTPs, 0.4 U
Taq DNA polymerase (SinaClone, Tehran, Iran), 1 pL 10X
PCR buffer, 2 mM MgCl,, and 10 pmol/pl primer. PCR
reactions performed in a BioRad thermocycler (Bio-Rad,
Hercules, CA, USA) based on the following program:
5 min initial denaturation at 94 °C followed by 28 cycles
of 30 s denaturation at 94 °C, 30 s primer annealing at
50-57 °C (depend on used primer) and 45 s extension
at 72 °C, with a final extension of 7 min at 72 °C. The
amplicons were separated in 1.5% agarose gels and sub-
sequently stained with ethidium bromide. The scoring
and size estimation of the amplified bands was done as
described by Gholami et al. (2021a). The similarity matrix
was obtained based on the Jaccard’s coefficient using the
SIMQUAL implemented in the NTSYS software version
2.20 (Rohlf 2000), and the dendrogram was constructed
using the unweighted pair group method with arithmetic
means (UPGMA). To evaluate the efficiency of primers,
the total number of polymorphic bands, polymorphism
information content (PIC), and marker index (MI), were
estimated according to Powell et al. (1996).

Table 1 Summary of IRAP and ISSR primers used in the present study and the extent of polymorphism in studied mutants

Primer Sequence (5'—3') TB PB MB PPB% PIC MI
IRAP
Gaga GGGAACCAACCGTCACA 12 11 1 91.66 0.18 1.85
Sukkula GATAGGGTCGCATCTTGGGCGTGAC 14 14 0 100 0.27 3.80
LTR6149 CTCGCTCGCCCACTACATCAACCGCGTTTATT 10 10 0 100 0.29 2.90
URP30F GGACAAGAAGAGGATGTGGA 12 9 3 75 0.28 1.95
URPIF ATCCAAGGTCCGAGACAACC 14 14 0 100 0.229 322
Average - 12.4 11.6 0.8 93.33 0.24 2.74
Total - 62 58 4 - - -
ISSR
UBC-807 AGAGAGAGAGAGAGAGYC 14 11 3 78.57 0.24 2.08
UBC-809 AGAGAGAGAGAGAGAGG 12 11 1 91.66 0.23 2.40
UBC-841 GAGAGAGAGAGAGAGAYC 10 3 7 30 0.30 0.27
UBC-866 CTCCTCCTCCTCCTCCTC 9 6 3 66.66 0.22 0.89
UBC-876 GATAGATAGACAGACA 14 14 0 100 0.15 2.13
Average _ 11.8 2.8 73.37 0.2174 1.55
Total 59 14

TB total number of amplified bands, PB polymorphic bands, MB monomorphic bands, PPB% the percentage of polymorphism, PIC polymor-

phism information content, MI marker index
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Statistical analyses

The experiment was arranged as factorial based on the com-
pletely randomized design (CRD) with 10 replication (each
replication defined as petri dish or test container contain-
ing ten explants). Cultivars (‘Homa’, ‘Fariba2’, ‘Delkash’,
and ‘Arina’) and EMS (0, 0.125%, 0.25%, and 0.5%) were
considered as the first and second factors, respectively.
The resulted data were subjected to analysis of variance
(ANOVA). Mean comparisons were done based on Duncan’s
multiple range test at a probability level of 5% (P <0.05).
Data analyses were performed using SAS version 9.1.

Results and Discussion
in vitro regeneration and plantlet development

The explants of studied chrysanthemum cultivars responded
differently to the applied EMS concentrations with the high-
est explant survival rate being 88.48% in ‘Homa’ at 0.125%
EMS treatment (Table 1). In contrast, the 0.25% EMS con-
centration reduced the explant survival rate by 76.91% in
‘Homa’, 71.16% in ‘Arina’, 64.22% in ‘Delkash’, and 54.96%
in ‘Fariba2’ compared with the control explants (Table 1).
Similarly, the 0.5% EMS concentration reduced the explant

survival rates in all studied cultivars. Overall, the ‘Homa’
cultivar was considered to be more tolerant to EMS treat-
ment than the other evaluated cultivars. High explant sur-
vival rate is essential to establish an optimized mutagen-
esis platform using EMS. Survival rate under chemical
mutagens varies depend on species and even cultivar type
(Wani 2009; Arisha et al. 2014). In total, the survival rate
expectedly shown an inverse response with increasing EMS
concentrations.

Reduction in the survival of explants as a result of muta-
genic treatments has also been reported in other herbaceous
species such as Dianthus carophyllus L. (Roychowdhury
et al. 2012), Cajanus cajan (Sangle et al. 2011), Sor-
ghum bicolor (Ramulu 1970), and Leucaena leucocephala
(ZakyZayed et al. 2014). Reduced survival rate can be attrib-
uted an increase in the frequency of chromosomal damage
induced by high concentrations of mutagens (Kumar and Rai
2007; Bashir et al. 2013). It may also be due to specific toxic
effects imposed by certain biochemical substances in plant
cells which finally result in tissue dead (Gocke et al. 2009).

The highest callus induction rates were obtained
in non-treated chrysanthemum explants in which they
represented the earliest signs of callus formation after
12-24 days of culture establishment (Table 2). Among
studied cultivars, ‘Homa’ represented the highest rate of
callus induction (80.16%) with 0.125% EMS treatment,

Table 2 Effects of EMS
concentrations on rate

Trait EMS concentration (%)

of explant survival (%),

Cultivar

0 (control) 0.125 0.25 0.5

callogenesis (%), plan

regeneration (%), the number Survival rate (%) ‘Homa’  98.72+1° 88.48+1.45" 76.91+1.81¢ 59.14+1.75'
of shoot developed from ‘Arina’ 99.11+1.67* 87.15+2.99° 71.16+£0.97° 53.16+1.35"
embryos per explant and days ‘Delkash’ 98.15+2.23* 70.16+2.98" 64.22+197° 51.38+0.78
to shoots generation in four s a b .
Chrysanthemum morifolium Fariba2® 97.14+2.1 56.25+1.982 54.96+1.158" 47.66+0.97
cultivars Calogenesis (%) ‘Homa’  94.55+1.88% 80.16+1.98° 69.85+0.95° 61.68+9.95
‘Arina’ 83.33+1.52° 71.57+1.019 64.26+2.01" 53.61+0.89"

‘Delkash” 72.33+2.01¢ 63.47+1.87" 59.97+1.89¢ 50.36+1.27

‘Fariba2’  70.44+0.95¢ 59.64+0.768 55.51+1.14" 49.47+1.13

Regeneration rate (%) ‘Homa’ 89.49+1.09° 80.14+2.78° 73.14+1° 60.61+1.54¢f

‘Arina’ 73.73+0.87° 63.77+1.68% 58.17+1.43" 49.67+1.328

‘Delkash’  76.00+1.32° 64.95+1.13¢ 61.35+1.69 50.08+0.192

‘Fariba2’  58.55+0.95" 514341268 4531+124" 31.39+0.87

Shoot number ‘Homa’  21.00+1? 15.68+1.43°  13.32+1.29% 11.31+0.86fg

‘Arina’ 14.00+0.79¢  9.17+0.51"  6.19+0479  4.59+0.15™

‘Delkash’ 17.56+1.05° 1235+1.65¢  8.18+0319  7.03+0.45*

‘Fariba2’  21.00+.93*  15.68+1.43° 1332+1.29% 11.31+0.86"

Days to shoots regeneration ‘Homa’  25.67+1.51° 28.43+0.88° 32.58+0.77* 39.45+0.9%

‘Arina’ 28.66+1.05° 30.11+1.2% 35584143 41.32+1.15¢

‘Delkash’  28.66+1.23" 31.23+0.94% 36.54+1.48 44.65+1.36¢

‘Fariba2’  31.66+1.11° 35314172 42.75+1.25% 53.46+1.31°
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followed by ‘Arina’ (71.57%), ‘Delkash’ (63.47%), and
‘Fariba2’ (59.64%) under the same EMS concentration.
These results indicate that callus induction rate under
EMS pressure was lower than the control samples as it
expected. After 30 days, the control and leaf explants
treated with 0.125 and 0.25% EMS, produced yellowish
and compact embryogenic calli (Fig. 1A), while most of
calli obtained under 0.5% EMS treatment, particularly
in ‘Fariba2’, were brown and soft, which eventually died
after two subcultures.

Plant cultivars represent different callogenesis
responses under in vitro condition most probably because
of differences in the genetic background that is reflected
as different endogenous hormones content and sensitivity
to exogenous PGRs (Sarker and Biswas 2002). Decrease
in callogenesis under the pressure of high EMS concen-
trations has also been reported by Purnamaningsih and
Hutami (2016) and Koch et al. (2012). This effect may be
also due to lethal mutations in the form of chromosomal
aberrations induced by EMS (Bashir et al. 2013).

Regeneration rate, the number of shoot developed from
embryos indicating shoot multiplication, and days to
shoot development were significantly affected by increas-
ing concentrations of EMS (Table 2). Calli derived from
leaf explants were started to develop shoots from embryos
3-7 weeks after culture establishment. The lowest (28.43)
and highest (53.46) mean number of days to shoot devel-
opment were recorded in ‘Homa’ (0.125% EMS) and
‘Fariba2’ (0.5% EMS) cultivars, respectively. Increase in
EMS concentration imposed an evident toxicity on the
regeneration percentage and the number of shoot devel-
oped from embryos per explant. The maximum regenera-
tion rate and the highest the number of shoot developed
from embryos per explant were detected in control plants,
followed by 0.125% and 0.25% EMS treatments, respec-
tively. Several abnormal shoots were observed under high
EMS doses, which may probably indicate chromosomal
damages and abnormalities induced by EMS. Reduction
of regeneration percentage and delaying regeneration time
under EMS treatment was also reported in chrysanthe-
mum (Latado et al. 2004), banana (Jankowicz-Cieslak
et al. 2012), petunia (Berenschot et al. 2008), and soybean
(Li et al. 2017). This effect which has been also reported
by using other chemical mutagens can be associated with
the production of toxic substances. The alkylating agents
induce mutations by adding a methyl or ethyl group to
one of the four DNA nucleotides and eventually lead to a
modified base form. The presence of such modified bases
in the template DNA can block DNA replication (Britt
1996) and thus suppress cell division and differentiation.

Greenhouse observations

A total of 2082 plantlets were produced through the EMS-
induced mutagenesis under in vitro conditions, and at the
end, 58 mutants (with distinct leaf and inflorescence mor-
phology from mother plants), including 32 leaf and 26 flower
mutants (Figs. 2 and 3), were analyzed at the morphological
level. The phenotypic analysis represented a significant vari-
ations between EMS-treated and control plants (Table 2). All
developed flower and leaf variants were maintained through
cuttings in the next generation, where they expressed the
same traits.

Compared to control plants, a significant reduction in
height was observed in mutants generated with 0.25 and
0.5% EMS, while 0.125% EMS treatment increased plant
height. In this regard, the highest (55. 95+ 1.56 cm) and the
lowest (19.16 +2.21 cm) mean plant height was recorded in
‘Homa’ treated with 125% EMS and ‘Delkash’ treated with
0.5% EMS, respectively. Moreover, among all 2082 putative
mutant plants, six dwarf variants were identified. The plants
propagated from cuttings of these mutants represented simi-
lar range of plant height. This stability was also shown by
Miler et al. (2021) on chrysanthemum radio-mutants.

Higher mutagenic efficiency on plant height using the
lower EMS concentrations has earlier been shown in chry-
santhemum (Datta et al. 2005), calendula (El-Nashar and
Asrar 2016), tomato (Laskar et al. 2018), and lentil (Amin
et al., 2015). The increase in plant height could be due to
higher rates of cell division and expansion in internode cells
(Biro et al. 1980). Seedling and plant length has been gen-
erally utilized as an index to evaluate the overall biological
impact of different physical and chemical mutagens (Bhat
et al., 2007). The control of plant height in chrysanthemum
is one of the main breeding goals for the generation of small,
compact, and dwarf pot cultivars that are used in edging
borders and rock gardens (Anderson 2006). The present
results are in line with the findings obtained in chrysanthe-
mum (Purente et al. 2020), Withania somnifera (Das et al.
2010), and pepper (Arisha et al. 2015), in which plant height
decreased in response to high EMS concentrations. This
effect may be attributed to the inhibition of cell elongation
in epidermis, defect in GA biosynthesis, cell cycle suspen-
sion during somatic cell division, meristematic cells injuries,
and delay in mitosis (Arisha et al. 2015; Shinoyama et al.
2006; Gocke et al. 2009).

In cut and pot flowers, early flowering or predictable flow-
ering time, are important in timely sales during the holiday
periods. In the present study, compared to control plants,
the number of days to flowering significantly decreased in
mutant lines generated with 0.125% EMS, while late flower-
ing was observed under higher EMS levels (0.25 and 0.5%).
Under 0.125% EMS treatment, ‘Homa’ had the minimum
time for flowering (69 +2.1 days), followed by Ariana
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Hom-EI-1

Hom-E2-3

N

Ari-C

Ari-E1-1

Ari-E2-2

Fig.2 Inflorescence morphology in EMS-induced mutants, A cv.
‘Homa’, Hom-C Control (RHSCC code: 10C); Hom-E1-1 (RHSCC
code: 155B), Hom-E1-2 (RHSCC code: 10B), mutant obtained with
0.125% EMS; Hom-E2-1 (RHSCC code: 10B), Hom-E2-2 (RHSCC
code: 8B), Hom-E2-3 (RHSCC code: 10C), Hom-E2-4 (RHSCC
code: 9C) mutants obtained with 0.25% EMS; Hom-E3-1 (RHSCC
code: 12C) mutant obtained with 0.5% EMS, B cv. ‘Arina’, Ari-C

and ‘Fariba2’ (73 +£1.76) and ‘Delkash’ (74 +1.11 days),
while the maximum time to flowering (84 +2.14 days)
was recorded in ‘Delkash’ variants obtained with 0.5%
EMS. Mutagenesis could provide a sufficient variability of
flowering time in variant populations with the potential of
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Ari-E1-2

Ari-E1-3

Ari-E3-1

Control (RHSCC code: 43B), Ari-E1-1 (RHSCC code: 43A), Ari-
E1-2 (RHSCC code: 43A), Ari-E1-3 (RHSCC code: 44C) mutants
obtained with 0.125% EMS; Ari-E2-1 (RHSCC code: 32C), Ari-
E2-2 (RHSCC code: 22A), Ari-E2-3 (RHSCC code: 14C) mutants
obtained with 0.25% EMS; Ari-E3-1 (RHSCC code: 46A) mutant
obtained with 0.5% EMS. The bar under each inflorescence represent
lcm

exploitation in the breeding of early or late flowering culti-
vars (El-Nashar and Asrar 2016). Change in flowering time
and duration induced by mutagenic treatments could be due
to the alteration of molecular pathways, which are directly
and/or indirectly associated with the flowering physiology
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A Far-C

Far-E3-1

Fig.3 Inflorescence morphology of EMS-induced mutants in four
C. morifolium cultivars, A cv. ‘Fariba2’, Far-C Control (RHSCC
code: 8C), Far-E1-1 (RHSCC code: 10C) mutant obtained with
EMS 0.125%; Far-E2-1 (RHSCC code: 25B) mutant obtained with
0.25% EMS; Far-E3-1 (RHSCC code: 69C), Far-E3-2 (RHSCC code:
47C), Far-E3-3 (RHSCC code: 49C) mutants obtained with 0.5%
EMS B cv. ‘Delkash’, Del-C Control (RHSCC code: 23B), Del-E1-1

(Mahure et al. 2010). Inhibition of cell growth and decreas-
ing growth rate could be the main reason of late flowering
under high EMS concentrations (El-Nashar and Asrar 2016).

Far-E1-1

Far-E3-2

Far-E2-1

Far-E3-3

(RHSCC code: 22B), Del-E1-2 (RHSCC code: 21C) mutant obtained
with EMS 0.125%; Far-E2-1 (RHSCC code: 23C), Far-E2-2 (RHSCC
code: 25A), Far-E2-3 (RHSCC code: 15C), Far-E2-4 (RHSCC code:
15C) mutants obtained with 0.25% EMS; Del-E3-1 (RHSCC code:
25A) mutants obtained with 0.5% EMS. The bar under each inflores-
cence represent 1 cm

A significant increase in inflorescence head diameter
was observed in mutants obtained with 0.125 and 0.25%
EMS concentrations, while this parameter was decreased
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under 0.5% EMS treatment. The inflorescence head diam-
eter in plants treated with 0.125% EMS was 5.91 +0.81,
5.08+0.11, 6.42+0.33 and 6.89+0.27 cm in ‘Homa’,
Ariana, ‘Fariba2’, and ‘Delkash’ cultivars, respectively
(Table 3), showing the highest inflorescence diameter val-
ues. The reducing effect of high concentration of chemi-
cal mutagens (SA and DES) on inflorescence size was also
observed in Calendula officinalis L. (El-Nashar and Asrar
2016). Kapadiya et al. (2014) recorded similar observations
in chrysanthemum cv. Maghi and they concluded that higher
concentrations of mutagen could impose deleterious physi-
ological and molecular effects on overall plant growth and
development, resulting in smaller plants and in turn smaller
leaf and inflorescence size probably due to both chromo-
somal damages and extrachromosomal origins.

As expected, no visible change in inflorescence color
was observed in the control population, but the mutant lines
treated with EMS (in particular 0.25%) produced solid and
chimeric variants with high rate of variation in inflorescence
color. Solid variants were the mutated lines with only one
color different from the mother plant, while the chimeric
mutants had ray florets with more than one color sectors.
Compared to control plants, the highest flower mutation
rates were observed in ‘Delkash’ (2.81%), ‘Fariba2’ (2.08%),
‘Homa’ (1.87%), and ‘Arina’ (1.55%) cultivars, respectively,
all treated with 0.25% EMS (Table 3). The original ray floret
color of cv. ‘Homa’ was yellow (Fig. 2 Hom-C,), while one
of mutants generated with 0.125% and 0.5% EMS had white
(Fig. 2 Hom-E1-1) and light yellow (Fig. 2 Hom-E2-4) ray
floret colors, respectively. On the other hand, the original
shape of ray floret in this cultivar was ligulate with shallow
keels, while in one of the mutants generated by 0.125% EMS
(Fig. 2 Hom-E2-4), the floret rays represented deep keels.
Furthermore, this mutant represented an anemone-like disk
type but the non-mutated plants had a daisy-like disk type.
More interestingly, in one of the ‘Homa’ mutants obtained
with 0.125% EMS, there were morphologically different ray
florets with darker yellow color and spatulate shape (Fig. 2
Hom-E2-2). Similar to ‘Homa’, EMS treatments resulted in
mutants with new inflorescence attributes in ‘Arina’ culti-
var. However, there was no distinct color change in ‘Arina’
mutants generated with 125% EMS, a semi-full inflores-
cence with was observed in these mutants, in which disk
florets transformed to ray florets (Fig. 2 Ari-E1-1, Ari-E1-2
and Ari-E1-3). In contrast, three ‘Arina’ mutants generated
with 0.25% EMS had chimeric petals with a mix of red and
predominant yellow colors (Fig. 2 Ari-E2-1, Ari-E2-2 and
Ari-E2-3), where one of these mutants developed tabular ray
florets (Fig. 2 Ari-E2-2). Change in both color and shape of
ray florets was observed in mutants of ‘Fariba2’ cultivar,
in which their color varied from light yellow (Fig. 3 Far-
El-1) to orange (Fig. 3 Far-E2-1), pink (Fig. 3 Far-E3-1),
and red (Fig. 3 Far-E3-2 and Far-E3-3), whereas the control
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plants had yellow color ray florets (Fig. 1 Far-C). Interest-
ingly, the shape of ray floret in ‘Fariba2’ variant generated
with 0.125% EMS changed to quilled form (Fig. 3 Far-E2-
1), while the original mother plant had ligulate ray florets.
Unlike ‘Fariba2’, ‘Homa’ and ‘Arina’ cultivars, there were
fewer changes in inflorescence color and shape in mutants
of the ‘Delkash’ cultivar. The original color of ray floret
in ‘Delkash’ was yellowish-orange (Fig. 3 Del-C), while
in mutants obtained with 0.125 and 0.25% EMS, ray floret
tended to be more yellowish (Fig. 3 Del-E1-1, Del-E1-2,
Del-E2-2, Del-E2-3 and Del-E2-4). Furthermore, in one of
the ‘Delkash’ mutants obtained with 0.25 EMS (Fig. 3 Del-
E2-2), ray florets were narrow and quilled-shape, while the
non-mutated mother plant had ligulate ray florets.

Chemo- and radio-mutants with modified ray floret colors
have also been reported in other chrysanthemum cultivars,
including Ingrid (Latado et al. 2004), Flirt, Sunil, Puja, and
Maghi (Datta et al. 2005), Snow Ball (Kaul et al. 2011),
Bindiya (Mahure et al. 2010), H13 and Shiroyamate (Mat-
sumura et al. 2010), Lalima (Misra et al. 2003), Youka
(Soliman et al. 2014), and Albugo, Alchimist, and Satinbleu
(Zalewska et al. 2010). One of the most important finding of
the present study was the creation of mutation in cultivars
with original yellow inflorescence color in particular Fariba2
for which five mutant with inflorescence color completely
different from mother plants were obtained. This is because
yellow chrysanthemum cultivars are claimed to be the most
stable under mutagens treatment (Schum 2003; Miler et al.
2020). Langton (1980) attributed this difficulty to the direct
inheritance of carotenoid genes which are present at L1 layer
of corolla cells. However, now it is well-known that the color
of chrysanthemum inflorescence is mediated by plant pig-
ments that their nature and level are affected by various
genetic factors, including structural genes, transcriptional
factors, and genes controlling the complete metabolic path-
ways. Anthocyanins, carotenoids, and flavones are among
the main pigment groups determining ray floret color in
chrysanthemum (Malaure et al. 1991; Lema-Ruminiska and
Mellem 2017). The change in the color of ray florets may be
most probably due to mutations in one or few genes involved
in biosynthesis of anthocyanins or carotenoids (Yoosumran
et al. 2018; Latado et al. 2004; Liu et al. 2021). In chry-
santhemum, there are some key functional genes such as
violaxanthin de epoxidase (VDE) and lycopene e-cyclase
(LCYE) that control carotenoid biosynthesis, and their muta-
tion by chemical or radiant mutagens can induce change in
the nature and content of carotenoids in mutated variants
(Zalewska et al. 2011; Lema-Rumifiska et al. 2004; Soli-
man et al. 2014). On the other hand, chemical mutagens like
EMS could lead to partial or complete inactivation of the
genes encoding the functional enzymes in the anthocyanin
biosynthesis pathway (Shi et al. 2021). This probably leads
to the accumulation of intermediate compounds and change
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in the combination of anthocyanins and in turn modification
of petal color. Mutations may also take place in the genes
encoding proteins responsible for the transport of antho-
cyanidins over membranes to vacuoles (GS-X), where they
are deposited (Lema-Rumifiska et al. 2004; Shi et al. 2021).
Chimerism is phenomenon which is usually take place in
chrysanthemum mutagenesis studies and it hinders the selec-
tion of real mutants (Miler and Zalewska 2014). In fact the
observed change in leaves or inflorescences could be the
results of epigenetic changes due to transient gene expres-
sion change which can not be inherited to the next genera-
tion (Frank and Chitwood 2016). However, as we could
observe same characteristics in the next generation (plant
obtained from the cuttings of in vitro raised and acclimatized
mutants), where they expressed the same traits, the resultant
phenotypically plants can be real mutants.

We obtained morphologically different inflorescence
types (in whole inflorescence and/or in the shape and size
of ray and disk floret) of the mutated lines. It has been stated
that change in inflorescence structure induced by mutagens
may be due to the mutations in transcription factors and
MADS-box genes responsible for initiation and develop-
ment of flower parts (Lee et al. 2008; Benlloch et al. 2009;
Liu et al. 2021). Some of these mutations, particularly those
affecting floret shape, can be pivotal for the development
of new fascinating chrysanthemum cultivars. For example,
the tubular shape of ray florets has been known as an attrac-
tive novel character, and there is high demand in the flower
industry for cultivars with tabular ray florets. Different muta-
gens have been employed to develop novel cultivars with
tubular florets and in this connection, several EMS-induced
variants with tubular florets and other phenotypically impor-
tant traits have already been developed and commercialized
(Padmadevi and Jawaharlal 2011; Datta et al. 2005). How-
ever, the mutants obtained in the present study are different
from variants reported in previous studies as they have new
combination of ray floret colors and shape. This was more
obvious in case of ‘Homa’ and ‘Arina’ cultivars where such
unique and novel mutants have not already produced and
they have potential to be introduced as novel cultivars in
chrysanthemum market.

During the growth under greenhouse conditions, there
was a clear leaf morphology difference between the mutant
and control populations. In this regard, the leaf size was
increased in mutants obtained with 0.125% EMS, while
it decreased in plants treated with 0.25 and 0.5% EMS
(Table 2). Leaf size is the most significant vegetative char-
acter that could indirectly affect plant performance and even
flower size and quality. The variation in leaf size induced
by different mutagens has been reported in chrysanthemum
(Kapadiya et al. 2014) and other plant species (Behera
et al. 2012; Chen et al. 2018; El-Nashar and Asrar 2016).
It has been stated that increase in leaf size under mutagenic
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chemical application could be result of chromosomal aber-
rations and disturbance in DNA replication favoring enlarge-
ment of palisade and spongy mesophyll cells (Shah et al.
2015). In contrast, suppressed cell division and inhibited
auxin biosynthesis could be the main reasons of growth
retardant observed under high levels of mutagens (Mohd-
Yusoff et al. 2015). Among leaf mutants, there was a vis-
ible mutant in cv. ‘Homa’ with small leaves (Fig. 4 Home-
E3) and also a chimeric leaf variant in cv. ‘Arina’ (Fig. 4
Ari-E3), both obtained with 5% EMS. This type of mutants
can be used for breeding of novel candidate cultivars as the
foliage provides ornamental interest when plants are not at
flowering stage. Furthermore, these mutations are important
to identify the function of genes responsible for leaf morpho-
genesis and development and also to elucidate chlorophyll
metabolism and its regulation (Arisha et al. 2015).

Molecular marker analyses

Study of relationship and genetic variation of in vitro-raised
mutants via more than one marker system has been recom-
mended as each marker system can cover and target dif-
ferent regions of plants genome (Rahmani et al. 2015). In
the present study, all 10 studied IRAP and ISSR primers
produced sharp, re-amplifiable, and scorable bands. In total,
62 (ranged from 150 to 3000 bp) and 59 (ranged from 100
to 3000 bp) fragments were amplified for IRAP and ISSR
markers, respectively (Table 3). The highest (0.3) and the
lowest (0.15) PIC values were obtained for LTR6149 and
URPIF primers, respectively. However, ISSR primers repre-
sented higher averages of polymorphic bands, IRAP primers
provided more PIC values. The PIC is an indicator of marker
informativeness to estimate the discriminating power of loci
(Ebadi et al. 2019) and higher PIC values of IRAP marker
may show they were generally better in distinguishing and
discriminating EMS-induced mutants. This was further sup-
ported by higher MI values of the IRAP primers. As pivotal
criteria, PIC and MI give an important benchmark helping to
assess the efficiency of the primers used in genetic diversity
and mutagenesis studies (Hossain et al. 2006).

The resulted UPGMA dendrogram classified the EMS-
induced mutants based on cultivar and in some cases,
based on the applied EMS concentrations (Fig. SA and
B). In ISSR dendrogram, all mutants of cv. ‘Fariba2’ were
grouped under a separate cluster excluding Far-E1-1. The
same pattern was observed for ‘Homa’’s variants. The
mutants of ‘Arina’ and ‘Delkash’ were classified as sub-
clusters in a common group (Fig. 5A). In IRAP dendro-
gram, mutants of Ariana and ‘Homa’ cultivars were sepa-
rated in individual clusters, while ‘Delkash’ and ‘Fariba2’
variants were grouped under the same cluster (Fig. 5B).
In subclusters of both dendrograms, some of the variants
generated with the same EMS concentration were closed
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Fig.4 Leaf morphology of
EMS-induced mutants in four
C. morifolium cultivars, A

cv. ‘Homa’, Hom-C Control;
Hom-E1 mutant obtained with
0.125% EMS; Hom-E2 mutant
obtained with 0.25% EMS;
Hom-E3 mutant obtained

with 0.5% EMS, B cv. ‘Arina’,
Ari-C Control, Ari-E1 mutant
obtained with 0.125% EMS;
Ari-E2 mutants obtained with
0.25% EMS; Ari-E3 mutant
obtained with 0.5% EMS. C
cv. ‘Fariba2’, Far-C Control,
Far-El mutant obtained with B
EMS 0.125%; Far-E2 mutant
obtained with 0.25% EMS;
Far-E3 mutants obtained with
0.5% EMS D cv. ‘Delkash’,
Del-C Control, Del-E1 mutant
obtained with EMS 0.125%;
Far-E2 mutant obtained with
0.25% EMS; Del-E3 mutants
obtained with 0.5% EMS. The
bar under each leaf represent
1cm

Hom-C

A

Ari-C

together, probably showing similar frequency of mutation.
ISSR markers involve the amplification of DNA segments
present at an amplifiable distance between two identical
microsatellite repeat regions oriented in the opposite direc-
tion (Reddy et al. 2002), while the IRAP marker is based
on transposable elements that can replicate in the genome
(Kalendar et al. 1999). Despite the suitability of ISSR
and IRAP markers in the classification of EMS-induced
mutations, employment of other molecular markers such
as start codon targeted (SCoT) and also the sequencing of
amplified and polymorph fragments can aid the accurate

** .

Hom-E1 Hom-E2 Hom-E3

32

Ari-E1 Ari-E2

Ari-E3

Far-E1 Far-E2

identification of mutated genes responsible for observed
phenotypic traits. The ISSR and IRAP primers used in the
present study could also be used in marker assisted-selec-
tion (MAS) programs for chrysanthemum breeding. The
application of ISSR for detection of genetic relationship
between Chemo- or radio-mutants, has been reported in
chrysanthemum (Wang et al. 2020), Lilium (Xi et al. 2012)
and Leucaena leucocephala, Miscanthus X giganteus, and
Helainthus tuberosus (Altindal 2019), while IRAP marker
has not yet been used for this purpose.
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Fig.5 The UPGMA dendrogram A IRAP and B ISSR molecular markers showing the relationship among EMS-induced mutants and mother
plants of four studied chrysanthemum cultivar. Ari: ‘Arina’; Del: ‘Delkash’; Far: ‘Fariba2’; Hom: ‘Homa’

Conclusion

Traits such as flower color, shape, size, and scent, are
important factors of consumer preference and the global
floriculture market thrives on the new introduced cultivars
with novel floral characteristics. In the present research, a
wide range of phenotypic variability in four well-known
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Iranian chrysanthemum cultivars was obtained with EMS
application confirming its efficiency in creation of genetic
variation and desired mutants. The mutants obtained in the
present study possess new combination of ray floret colors
and shape. These unique and novel mutants have great
commercial potential for introduction as novel cultivars in
chrysanthemum market. Furthermore, our results proved the
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effectiveness of ISSR and IRAP markers for the discrimina-
tion of EMS-induced chrysanthemum mutants allowing their
earlier selection and reduction of the mutant population size.
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